In leaves of barley (Hordeum vulgare), as previously found with oats (Avena sativa), a group of six antibiotics that interfere in different ways with the sequence DNA -+ mRNA -+ protein all delay senescence in the dark, acting to conserve chlorophyll (Chi) and protein and also to open the stomata. Among the active compounds is chloramphenicol, which had previously been reported to act only on procaryotes. It is now shown that all these compounds with senescence-delaying action in darkness have the opposite effect in light, accelerating Chi destruction and partially or completely closing the stomata. Leaves of the dicot Tropaeolum majus show most of the same responses, though the changes in protein and amino acids are more variable. The data as a whole support the previous conclusion that the synthesis of one or more proteins controls both the opening and the closing of the stomata. An additional compound, kanamycin, acts in the same way as the other six compounds on oats and barley, though its action on proteolysis is unclear. On Tropaeolum, however, it opens the stomata in both light and darkness. Anisomycin and ethidium bromide have comparably atypical effects. Thus, although changes in stomatal opening or closing in the majority of cases are closely linked to the breakdown or preservation of Chi, the occasional exception shows that the biochemical phenomena of senescence cannot be under the direct control of changes in stomatal aperture.
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It was shown earlier ( 11) that a number of compounds that interfere with different stages of the DNA -. mRNA -+ protein sequence have characteristic effects on the dark-induced senescence of oat leaves in that they delay the loss of Chl and the breakdown of foliar protein. Strikingly, they also cause the stomata to open in continuous darkness. It was deduced that one or more proteins have to be synthesized in order to bring about senescence and also to maintain stomatal closure. Although this last may seem unrelated to the bulk of the work on stomatal mechanisms (see, e.g. ref. 13 ), a possible basis for the relationship may be furnished by Hornberg and Weiler's observation (4) that ABA, which is highly active on stomatal closure, is bound to proteins in the guard-cell plasmalemma with high affinity. ' This work was supported in part by a grant from the National Science Foundation, No. DMB 850-3051 to K. V. T., and in part by a grant from the Dean of Natural Sciences. 2 Present address: The Medical School, Michigan State University, East Lansing, MI. 3Present address: The Quadrangle, 3300 Darby Road, Haverford, PA 19041.
The present study was planned to broaden and strengthen the relationship between the DNA-RNA-protein sequence and the phenomena of leaf senescence by: (a) comparing the responses of oats to those of two other plants, a second monocot and dicot; (b) adding another and somewhat exceptional compound to the group of substances studied; and (c) comparing the responses of the leaves in darkness to those in continuous white light, since many other reagents that delay senescence in darkness have been found to accelerate it in light (7, 10 Oats (Avena sativa cv Victory) from Svalov, Sweden, were treated in the same way. From the first leaves of both, segments 3 cm long cut from 3 mm below the apex were floated on 10 mL of test solution (or water) with 1 drop 0.02% Tween 80 in a 10 cm (closed) Petri dish. Nasturtium, Tropaeolum majus (Burpee's Golden Dwarf), were grown in the greenhouse, and leaf blades 28 to 40 mm wide (cf 9) were severed from the petioles, weighed, and floated 4 to 6 to a dish. All dishes were incubated in total darkness or under continuous white light similar to the above.
For all three plant species, senescence was allowed to become well developed (see tables) and the leaves then extracted in 80% ethanol in a 100°C water bath for 10 min. Two successive extractions were needed for the Tropaeolum (11) . The general behavior is, however, very similar, though barley responds to a few reagents to which oats show little sensitivity. Table I and Figure  1 show that CHI4 in darkness protects both Chl and protein, correspondingly lowering the free amino acid content; significantly, it also opens the stomata. On oats its action tended to be even a little more powerful (1 1). The table also presents data for the protein synthesis inhibitors CAMP, EMT, EtB, ANIS, and 8-AG. Two of these are also found highly effective on oats (cJf Table III The case of CAMP is of special interest. It was reported to have only a slight effect on the senescence of oat leaves (1 1), but in barley the Chl is protected, amino acids lowered, and the stomata drastically opened. Similarly 8-AG, nearly inactive on Avena, shows moderate activity in all three criteria on barley, though at relatively high concentrations.
Senescence in Light; the Closure of Stomata
Senescence is of course slower in light than in the dark, but one of our early studies (10) showed that when the stomata 'Abbreviations: CHI, cycloheximide; 8-AG, 8-azaguanine; ANIS,. anisomycin; CAMP, chloramphenicol; EMT, emetine; EtB, ethidium bromide; KAN, kanamycin. were caused to close in light by floating the leaves on 1 M mannitol, senescence was accelerated and became as fast as in darkness. Subsequently, a number of agents that open the stomata in the dark, and delay senescence, were found to have the opposite effect in light, closing the stomata and promoting senescence (7) . Similar opposite reactions in light and darkness are now found to be exerted on leaves of barley by most of the protein-synthesis inhibitors.
To avoid excessive numbers of tables, Figure 2 Chl is protected in the dark, as compared to controls, and diffusion resistance is lowered, i.e. stomata are opened. Conversely, in the light, Chl is destroyed and diffusion resistance increased, i.e. stomata are closed. Two concentrations of each reagent are shown. An exception is given by 8-AG, which had no clear effect in light (data not shown).
It is evident that with barley, as with oats, stomatal aperture and the control of Chl are very closely related. Not shown in the figure are the protein values which, as seen in Table I , generally follow the trends of Chl, though with much more variation.
Action of Kanamycin
The antibiotic KAN is of particular interest because it is known to inhibit the growth of many seedlings and is used as a marker in molecular biology for this property; transferred genes can be followed by being linked with KAN resistance.
In the case of legumens, the inhibition can be exerted not only on the roots but also on the infecting Rhizobia (1). Neomycin has similar action, but its inhibiting action is weaker. It was thought that if KAN were to delay senescence like the other six compounds, the combination of this with growth inhibition might be suggestive for possible modes of action.
Since KAN was not included among the compounds tested on oats previously, a parallel study on oat leaves was made. (9) . Table IV The responses to EMT in dark and light are shown in Figure 3 . Chl and protein are conserved to similar extents in the dark; Chl is destroyed in the light and, oddly enough, the Chl curve in light roughly parallels the curve for the decrease in a-amino nitrogen in the dark. The opposite behavior of the diffusion resistance in light and dark is typical. The tetracyclins gave similar results.
KAN again presents a strong exception to the other data (Table V) . Although it did act to preserve Chl in darkness and to promote its destruction in light, in a few trials Chl was slightly destroyed in the dark. The changes in amino nitrogen in light are as expected. What is more remarkable is that the stomata are opened both in dark and light. More extensive diffusion resistance measurements are shown in Figure 4 , which makes clear that the final low diffusion resistance is nearly the same in both conditions. EtB in the light presents another exception for, as Figure 5 shows, Chl is destroyed in light, yet the stomata are clearly opened. ANIS, on the other hand, causes Chl destruction in both dark and light, while the changes in protein and in diffusion resistance are erratic. 
DISCUSSION
It is satisfying that the responses of the two monocots, oats and barley, are so very similar. The effective concentration ranges for the various compounds tested are nearly the same, and such differences as there are appear to be essentially quantitative. Although the reactions of Tropaeolum show some agreement with these, they show some important differences. At least in principle the qualitatively similar reactions of the three plant species show that protein synthesis is required for stomatal movement, and this is true in either direction, opening or closing. Thus the effects of the known gradients of CO2 and K+ ions evidently rest on continued changes at the nuclear level. While the opposite responses of the Chl system to dark and light are parallel for most antibiotics in all three plants, the changes in net protein metabolism appear even less marked in Tropaeolum than in the two monocots. But it is with the stomatal aperture that the difference is greatest. The stomatal responses of Tropaeolum to EMT and rifampicin are somewhat weak but in the usual directions, but with KAN they are actually opposite to the others, since the stomata are opened in both dark and light, in spite of normal changes in Chl. ANIS and EtB show other anomalous behavior, for ANIS destroys Chl in both dark and light, yet opens the stomata only in the dark (Table VI) . EtB opens the stomata in light even more strongly (Fig. 5) . Tropaeolum had shown stomatal anomalies of a different type earlier, for while GA3 did act to preserve Chl and protein in the dark, it had only a brief action on stomatal aperture (Fig. 3 and 200 ,uM the antibiotic raised the Chl and protein level by almost one-half the maximum amount, yet the stomata were not opened until the concentration was raised to 400 lM. In this case the senescence processes were more sensitive than the stomatal aperture. All these findings, taken together, justify the conclusion that while stomatal aperture is without doubt closely interrelated with senescence processes, it cannot be causative of them.
Nevertheless, the facts illustrated in Figure 2 We are thus forced to the conclusion that while senescence in all the three species studied is governed by the formation of a group of related protein enzymes, still one or more of these may differ from species to species-qualitatively as when stomatal aperture does not follow the norm (e.g. with KAN and ANIS on Tropaeolum), or quantitatively when the effective dosages differ from one species to another.
Several reports in the literature bear on this and other conclusions. The looseness of the connection between senescence and protein synthesis is exemplified by the action of methyl jasmonate or of ABA, which promote the senescence of barley leaves and at the same time induce the formation of three new polypeptides or proteins, yet when the senescence is prevented by benzyladenine the three new proteins are still formed (12) . Another relation between senescence and formation of a protein is shown by the behavior of the cytosolic glutamine synthetase, which increases in radish cotyledons after 72 h in the dark, or even when they senesce more slowly after long exposure to light (5) . As noted in the introduction, one or more proteins in the guard-cell plasmalemma bind ABA with high affinity (2, 4) , which supports our evidence for a strong link between protein metabolism and the stomatal aperture. The intensity of protein synthesis in the dark is evidently quite flexible, for when barley leaf chloroplasts are preincubated with kinetin their protein synthetic rate can be up to 10 times as rapid in darkness as in continuous light (5) . This doubtless parallels the well-known ability of kinetin to reverse the dark-induced senescence of many plants.
Last, the action of chloramphenicol (CAMP), reported to act only as a 70 s inhibitor, though it does inhibit the enlargement of cotyledons (6) , suggests that some part of the senescence may be located in the plastids. The three proteins whose synthesis in barley leaves is inhibited by CHI are not affected by CAMP (12) , while the ABA oxidase therein (2) is only very weakly inhibited. The action of CAMP in Tropaeolum leaves is quite clear, though on the whole less marked than that of CHI. Thus, while the general lines of this aspect of senescence control are clear, there are significant differences in response between the dicot and the two very similar monocots. There is a suggestive parallel between these differences and differences between phytochromes, since Sharrock et al. (8) have reported that two monocots are very similar in the cDNA of their phytochromes but Cucurbita shows only about 65% homology with them. The continuing study of senescence seems to involve wider and wider areas of plant behavior and metabolism.
